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OBJECT. 

The  cry  of  the  present  age  of  the  engineer  is 
for  standardization*  Perhaps  the  one  field  of  act- 
ivities which  has  been  neglected  is  the  testing  of 
lubricants.   In  the  past,  various  types  of  visco- 
aiineters  have  been  used  for  testing  the  viscosity  of 
oils,  which  has  created  a  great  deal  of  confusion.  At 
present  time  the  tendancy  of  the  larger  oil  manu- 
factors  is  to  use  a  standard  type  of  viscoainieter. 
It  is  therefore  the  aim  of  the  writers  to  study  the 
various  viscosircetars  at  their  coEmand  and  to  con- 
struct tables  and  curves  whereby  the  viscosity  of 
any  meter  can  be  readily  transfered  into  the  corre- 
sponding value  on  the  Saybolt  Universal  Viscosimeter. 

We  wish  to  express  our  thanks  to  Prof.  James 
Clinton  Peebles  for  his  cooperation  and  suggestions. 
Harry  M.  Goodman. 
Harold  Luttge, 
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INTRODUCTION. 
The  object  of  meohaniam  is  the  utilization  of 
energy  for  the  purpose  of  doing  useful  work.  Owing 
to  the  imperfections  of  our  rr.ethods,  a  large  part  of 
the  applied  energy  is  wasted  in  various  ways;  namely 
in  overcoming  resistance  to  relative  motion  offered 
by  the  opposing  surfaces,  and  it  is  in  order  to  reduce 
this  friction  to  a  minimum  that  lubrication  is  applied. 

The  viacoaity  test  is  of  great  value  in  deter- 
mining the  lubrication  properties  of  oils.  Before 
the  introduction  of  mineral  oils  as  lubricants,  the 
theory  of  viscosity  was  relatively  ignored  by  the 
engineers  as  the  oils  were  limited  in  numbers  and 
the  viscosity  did  not  vary  greatly.   Therefore  a 
specification  for  an  oil  of  a  certain  fluidity  was 
unknown.   But  since  the  introduction  of  mineral 
oils  which  can  be  prepared  of  any  viscosity,  the 
measurem.ent  of  this  property  has  become  important. 

Bt  viscosity  testa,  we  can  alone  determine 
the  lubrication  properties  to  such  an  extent  that 
a  poor  oil  would  not  be  accepted  nor  a  good  oil 
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COMPARISON  OF  VISCOSIh'ETBRS 
rejected,  Befora  entering  upon  the  discussion  of  the 
various  viscosimetera  and  the  method  of  operation,  the 
nature  of  viscosity  and  the  theory  of  the  viacosimeter 
shall  be  considered. 

The  Nature  of  Viscosity.-  When  currents  are  pro- 
duced in  fluids,  forces  are  observed  which  retard  the 
relative  motion  of  the  parts.  These  forces  of  fric- 
tion are  said  to  be  due  to  the  viscosity  or  as  it  is 
sometimes  expressed,  its  "body".  The  greater  the  vis- 
cosity, or  internal  friction,  the  mors  viscous  the 
fluid.   All  liquids  exhibit  viscosity,  although  in 
varying  degrees.  If  a  vesaal  be  tilted  and  then 
quickly  brought  back  to  place  so  as  to  agitate  the 
water  contained  therein,  it  will  be  found  that  the 
degree  of  oscillations  diminishes,  and  that  in  a 
very  short  time  the  miovament  dies  away.  The  liquid 
will  again  com.e  to  rest  in  a  horizontal  position.   If 
this  experim-ent  be  made  with  a  very  viscous  oil,  the 
liquid  will  not  show  a  very  marked  degree  of  oscilla- 
tion. Very  oftaa  it  will  flow  steadily  until  its 
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COMPARISON  OF  VISCOSB/ETrgRS 
free  surface  is  again  horizontal;   It  is  the  inter- 
aal  friction  or  viscosity  of  the  liquid  which  ar- 
rest the  motion. 

Theory  of  the  Viscosimeter.-  The  instruments 
employed  for  the  determination  of  viscosity  are 
constructed  upon  two  different  principes:  one  de- 
pending upon  the  time  required  for  a  certain  quan- 
tity of  oil  to  flow  through  a  standard  orifice;  the 
other,  upon  the  time  it  takes  a  disk  to  rotate 
through  a  certain  arc.  As  the  former  type  of  in- 
atrurnsnts  were  used  in  this  work,  it  is  important 
thj|,t  the  theory  of  the  orificial  instrument  be 
understood. 

As  the  viscosity  is  measured  by  the  time  of  ef- 
flux through  a  capillary  tube,  it  is  important  that 
we  study  the  theory  of  such  a  meter.  The  m.ost  con- 
cordant values  have  been  obtained  by  mieasuring  the 
rate  of  flow  through  a  capillary  tube  in  which  the 
rata  of  shear  is  the  greatest  at  the  bounding  sur- 
faces. 
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C0BPARI30N  OF  VISCOSUrETERS 
Figure  1  shows  diagraiTHiatically  the  conditiona  of 
flow  in  a  capillary  tube  at  a  point  some  diatance  from 
the  end  at  which  the  liquid  enters,  A  state  of  equi- 
librium must  be  eetablished  for  the  effects  of  inertia 
manifest  ther.selves  at  the  inlet  end. 

In  a  portion  of  a  tube  of  length  a,  the  whole 
pressure  on  the  cross-section  CC^^  tends  to  shear  the 
liquid  at  the  bounding  surface  and  the  area  over  irtiich 

this  pressure  acts  is  equal  to  Z^r^a.,     Therefore  the 

2 
total  pressure  over  the  section  in  question  is  pftr   ^, 

where  the  area  of  the  crosa-section  of  the  tube  is 

equal  to /7r^..  The  rate  of  shear  at  the  boundary  is 


given  as; 


P/^r^o 


■-  ■      )     ■)■■■  which  is  equal  to 

(1) 


2Na 

where  N  is  a  constant  which  varies  with  the  tempera- 
ture of  «my  liquid  and  is  kno'jm  as  the  "  Coefficient 
of  Viscosity"  of  that  liquid.  It  follows  from  the 
equation  (1)  that  the  rate  of  shear  is  directly  pro- 
portional to  the  die-iance  from  the  senter  line  of  the 
tube,  and  the  curve  which  indicates  the  rate  of  dis- 
tortion is  a  parabola.  The  volume  passed  in  a  unit 
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COl/PARISON  OF  VISCOSDjTETERS 
of  tijKB   is  the  volume  of  the  paraboloid  of  revolu- 
tion,  having  a  base  of  radius  r^  and  a  height  equal 
to     B^E-^  which  is  equal  to  "ifiiAi  (figure  2), 
From  (l)  we  have 


(2) 


2 
Therefore  BiAi^  -El-2. 
2Na 


pr^     ?r\ 


and      BiEi  -^lAi  (3) 

2x2Na      4Na 


The  volume  of  a  peraboloid  of  revolution  equals 

one  half  the  area  of  the  base  times  the  perpendicular 

height.   Substituting  the  above  values  in  equation  (3) 

the  voraine  V  passes  in  any  tiins  is  equaled  to 

V  _=  J_  •  P^'^o^  (4) 

8     Na 

We  may  find  an  expression  for  the  viscosity  of  the 

liquid  from  the  above  equation  by  substituting  for 

p  its  equivalent  in  terms  of  the  head  and  density 

of  the  liquid  and  the  force  of  gravity,  i.e., 

N     ^^^y^^^^o  (5) 

8Va 
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COKPARJ50N  OF  VISCOSB'ETaRS 
where  N  equals  the  coifficient  of  viacosity, 

g  "      "  force  of  gravity. 

y  "      ••  density  of  the  liquid, 

h  "     "  head. 

r  ••      "  radius  of  tJie  tube. 

t  "      "  time  of  efflux  in  seconds, 

a  "      "  length  of  the  tube. 

V  "      **  volume  of  liqvid. 
Equation  (5)  is  knovm  as  Poisoulle's  Formula, 
This  fonrula  will  give  the  viscosity  in  the  absolute 
r.eaaure,  Fr.R.C.WcIlhinney  suggests  that  in  order 
to  do  away  with  the  various  values  of  viacosity,  that 
we  apply  Poiseulle'w  Formula;  that  instead  of  calling 
N  the  coefficient  of  viscosity,  that  it  be  known  as 
a  Poiee,  in  honor  of  Poiaeulla,  Although  we  do  not 
use  the  absolut  measure  of  viacosity  in  the  corirer- 
cial  world,  yet  the  Treasure  of  viscosity  if  deteruiined 
by  the  time  of  efflux  through  a  capillary  tube. 


II  t) 
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THE  THEORY  OF  LUBRICATION, 
Objects  of  Lubrication,-  The  sngineer  has  seldom 
to  deal  with  unlubricated  rubbing  surfaces  in  the  de- 
sign of  machinery.  His  object  is  to  transmit  energy 
and  its  its  utilization  to  some  particular  place  with 
as  little  loss  as  possible.  In  effecting  this,  the 
moving  surfaces  are  pressed  tSgether  with  a  consider- 
able force  and  caused  to  slide  over  each  other  at 
high  speeds.   If  these  surfaces  are  not  kept  apart 
by  the  interposition  of  a  lubricant,  the  frictional 
losses  will  be  very  great,  causing  a  wear  and  tear 
of  the  surfaces.   If  it  were  not  for  the  properties 
of  certain  liquids  and  soft  solids  that  possess  the 
quality  of  keeping  the  relatively  moving  parts  se- 
parated and,  thereby  reducing  the  frictional  resi- 
stances between  them,  it  would  be  impossible  to  car- 
ry on  many  of  the  important  manufacturing  processes 
which  require  high  speeds.  A  great  deal  of  power 
output  of  prime  movers  is  wasted  throigh  friction. 
It  is  therefore  im.portant  to  procure  the  right  kind 
of  lubricant. 

Theory  of  Lubrication.-  Until  recently,  the 
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CCaflPARlSON  OF  VISGOSBETERS 
engineer  had  to  be  guided  by  previous  experience  in 
the  design  of  bearing  surfaces.  This  was  due  to  the 
fact  that  the  theory  of  lubrication  or  the  action 
of  viscous  substances  in  diminishing  friction  had 
received  little  attention.  There  had  been  some  data 
gathered,  but  the  results  were  not  unifonn,  nor  do 
they  agree  with  the  general  experiences  of  engineers 
concerning  the  frictional  resistjmces  of  machinery. 

The  theory  of  lubrication  is  bases  upon  the  sup- 
position that  a  lubricant  acts  in  virtu*-  of  its  vis- 
cosity, the  physical  properties  which  cause  the  fluid 
to  interpose  itself  between  the  moving  surfaces  and 
keep  theifi  apart. 

Influence  of  Viscosity.-  The  thickness  of  the 
filTi  of  lubricant  Affects  the  degree  of  frictional 
resistances.  It  has  been  found  that  the  friction  of 
a  cylindrical  journal  shoBld  be  proportional  to  the 
viscosity  of  the  lubricant.  The  reason  for  believ- 
ing that  the  resistance  does  no-  increase  at  a  rate 
proportional  to  the  speed  is  that  the  rapid  distor- 
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coi.fPARisoM  OF  viscosn'ETfias 

tion  which  the  oil  undergoes  heats  it  and  lowers  its 
viscosity.  Very  often  the  reduction  in  the  friction- 
al  resistances  which  results  froiL  the  lowering  of 
the  viscosity  by  heating  is  by  no  means  advantageous, 
This  accounts  in  a  great  measure  for  the  failure  of 
bearings  to  carry  heavy  loads  at  high  speed.   If  the 
proper  oil  is  not  used  the  increase  of  tanperature 
causes  the  oil  to  become  very  thin  and  it  will  cease 
to  lubricate  properly.  This  is  particularly  so  with 
the  mineral  oils. 
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VISCOSITY  AND  VI3C03nC?r^]RS. 
The  JlSethod  of  measuring  the  viscosity  of  the  oil 
will  be  considered  at  this  time,  Varioua  means  have 
been  proposed  and  devised,   based  upon  such  obser- 
vation as  the  rate  of  ascent  of  air  bubbles  in  a 
liquid;   the  torsional  vibration  of  a  disc  in  its 
ovm  plane  when  suspended  by  a  wire  and  ipinersed  in 
the  liquid;   the  speed  of  rotation  of  paddle  wheels, 
discs,  etoo ,  Imrriersed  in  the  liquid  and  kept  in  rro- 
tion.  The  most  accurat  and  the  usual  method  of  pro- 
ceedure  is  that  of  Poiseulli,  in  which  the  rate  of 
flow  of  a  liquid  is  measured  by  the  time  it  takes  a 
kno'*n  quantity  of  liquid  to  flow  through  a  capil- 
lary tube  under  a  certain  temperature  and  head.   For 
coiimiercial  purposes,  the  comparative  viscosities  of 
oils  are  ascertained  by  measuring  and  corr.paring  the 
tii-e  of  efflux  of  that  oil  through  a  small  orifice, 

A  very  rough  idea  of  the  relative  viscosity 
of  an  oil  with  another  ray  be  formed  by  shaking  it 
in  a  bottle  and  observing  the  rate  at  which  air- 
bubbles  rise  in  the  oil;   the  more  sluggiah  the  move- 
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C0J£PARI30M  OF  VI3G0SI]/ST3Ii3 
Eent  of  equal  aized  bubbles,  the  greater  the  viaco- 
aity  of  the  oil,  A  second  method  leaa  crude  than  that 
above  and  more  accurate  is  to  fill  a  10  c.s.  pipette 
with  the  oil  and  note  the  tine  in  seconds  occupied  by 
the  oil  in  flowing  frow  the  higher  mark  to  the  lower. 
By  making  a  similar  experiment  with  another  oil  at 
the  same  temperature,  a  comparison  betv/een  the  two 
samples  can  be  made.  But  for  accurate  work  a  pro- 
perly constructed  viscoaiineter  must  be  employed. 

DESCRIPTION  OF  VISCOSHi.'ETERS, 
Introduction.-  In  practice,  the  viscosir.ieter  is 
held  la  a  heavy  metal  frsunie  suspended  vertically  from 
a  pivot.  This  ia  contained  in  a  water  or  an  oil 
jacket,  the  temperature  of  which  is  kept  conatant 
during  a  run,  but  which  can  be  varied  for  any  desired 
temperature,  Viacosirnetera  are  divided  into  three 
general  classes:  first,  where  the  rate  of  flow  is 
measured  by  the  time  of  efflux  through  a  capillary 
tube,  of  which  the  Saybolt  and  the  Ta|liabue  visco- 
aimetars  are  a  type;   second  where  the  liquid  flows 
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COIvTARlSON  OF  VISCOSn'ETERS 
through  an  orifice,  \rtiich  typa  the  Carpenter  constant 
head  vi8cosir;eter  is  the  representative;  and  the  third 
the  toreional  viscosiD:eter  which  was  devised  by  Mr. 
O.S.Doollttle,  The  ireasurement  of  viscosity  is  ex- 
pressed in  the  numbers  of  seconds  it  takes  a  disc  to 
cornplete  an  arc. 

We  shall  study  the  four  viscosijiieters  that  were 
used  in  order  of  their  iir.portance  and  describe  brief- 
ly the  methods  employed  in  finding  the  viscosity.  The 
four  experimented  with  were:   (l)  Saybolt's  Univarsal; 
(2)  Tagliabue's  Viscosimieter;   (3)  the  Armour  Insti- 
tute of  Technology  Viscosim.eter,  which  is  a  modifi- 
cation of  the  Tagliabue;  and  the  (4)  the  Carpenter 
constant  head. 

Saybolt  Universal  Viscosimeter.-  The  Saybolt  Uni- 
versal is  the  best  know  apparatus  in  the  United  States 
and  is  considered  the  standard.  The  instrum.ent,  figure 
3,  is  constructed  of  metal  throughout.  The  efflux  tube 
consists  of  a  wide  cylindrical  portion  a,  surrounded 
by  a  fixed  pan  which  is  the  overflow  basin.  The  oil 
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COl/PARISON  OF  VISCOSB'ETERS 
in  -fchis  baain  may  be  removed  by  a  pipette.  The  tube 
A  ends  at  the  lower  end  in  a  metal  jet  K  which  is  con- 
tained the  capillary  tube.  C  C  is  a  tank  filled  with 
a  heavy  jacket  oil.  The  oil  may  be  heated  by  one  of 
three  methods;  by  a  gas  burner  installed  at  D  D,  by 
steam  passing  through  suitable  pipes,  or  by  an  electric 
heater  iratiersed  in  the  oil. 

The  outer  bath,  tank  C  C,  is  filled  with  a  heavy 
cylinder  oil  and  heated  to  the  desired  temperature. 
The  tube  A  is  filled  to  overflowing  with  the  oil  to 
be  tested.  The  surplus  oil  in  the  basin  is  removed, 
leaving  the  oil  in  the  tube  at  the  required  head.  This 
ensures  a  positive  starting  head.  When  the  liquid  has 
reached  the  temperature  to  which  the  viscosity  is  to 
be  taken,  the  coric  L  is  removed  at  the  aem.e  time  that 
the  operator  starts  a  watch.  The  instant  the  oil 
reaches  the  60  c.c.  mark  on  the  flask  the  watch  is 
stopped,  and  the  tiir.e  recorded.  The  total  nuir:ber 
of  second  for  this  volume  of  oil  to  flow  through 
the  aperture  is  termed  the  viscosity  of  the  oil,  in 
terms  of  the  Saybolt  Viacosinieter. 
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COl/PARISON  OF  VISGOSIT/ETBRS 
The  Tagliabue  Viscosimeter,-  The  viscosity  in 
terms  of  the  Tagliabue  is  the  number  of  seconds  mul- 
tiplied by  two  that  it  takes  50  c.c,  of  oil  to  flow 
through  an  open  faucet.  The  Tagliabue  instrument 
is  supplied  with  two  nozzles,  one  to  be  used  for 
finding  the  viscosity  at  212  degrees,  the  other  for 
70  degrees. 

To  find  the  viscosity  at  212  degrees,-  The 
boiler  A  figure  4,  is  filled  with  water.  The  stop 
cock  B  is  opened  making  connections  between  the 
boiler  and  the  upper  vessel  which  surrounds  the 
tube  T,  containing  the  oil  to  be  tested.  A  wire 
holder  is  placed  in  the  set  nut  G,  and  a  thenrometer 
suspended  so  that  its  bulb  is  within  one  quarter 
of  an  inch  from  the  bottom:  of  the  oil.  The  oil 
should  be  strained  before  placing  it  in  the  tube  T. 
The  stop  cocks  D  and  E  are  closed.   The  extension 
F  is  screwed  into  the  coupling  G,  letting  the  end 
of  the  hose  immersed  in  a  vessel  of  water.   A  fire 
is  started  under  the  boiler.  When  the  heat  in  the 
oil  has  reached  212  or  the  desired  temiperaturs,  the 


. .:"   .  ■'■  •.■•s'.:^.j;i  A  ■•-■.r.;"'v; 

•;.  \"f^:  bat ::!■::'■!   r,^    ^"    >!'-i-::; 


21 


22 


COMPARISON  OF  VISCOSHyiBrERS 
faucet  H  is  opened,  simultaneously  with  the  start* 
in  of  a  watch.  iJifhen  the  oil  has  reached  the  50«cc 
Kark  on  the  flask,  the  VTatch  is  stopped  and  the  time 
recorded,  lilultiplyir.g  the  nuir:ber  of  seconds  recorded 
by  two  gives  the  viscosity  of  the  liquid. 

To  test  the  viscosity  of  oils  at  fO  degrees. - 
The  stop  cock  B  and  E  are  closed.  The  upper  vessel 
is  filled  with  water  having  the  desired  temperature 
or  nearly  so.  By  adding  hot  or  cold  water,  the  teiri" 
perature  is  regulated.  As  soon  as  the  oil  in  the  tube 
T  reaches  the  predetermined  temperature,  the  run  is 
made. 

Amour  Institut  Viscosimeter,-  The  dimensions 
of  this  instrument  was  patterned  after  the  Tagliabue, 
It  consists  of  a  tube  T  enclosed  in  a  metal  bath  B. 
The  viscosimeter  is  m.ounted  on  a  frame  as  shown  in 
the  cut  on  page  23,  figure  5.  The  orifice  is  shown 
at  0.  The  jacket  oil  is  heated  by  m.eans  of  an  elec- 
tric coil  which  is  m^ounted  in  the  tank  B. 

The  oil  to  be  tested  is  placed  in  the  tube  T, 
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C0JTARI30N  OF  VISCOSB^ETSRS 
The  jacket  oil  U   heated  to  the  desired  temperature. 
l^en  the  oil  in  the  tube  T  has  reached  that  tempera- 
ture, the  valve  V  is  opened  which  places  the  ori- 
fice parallel  to  the  vertical  axis.  The  liquid  flows 
into  a  50  c.c.  flask  F.   The  viscosity  of  an  oil  in 
tem^s  of  this  viscosireter  is  detenrined  by  the  time 
it  require  50  c.o,  of  oil  to  pass  through  the  ori- 
fice, inultiplied  by  two. 

Carpenter  Constant  Head  Viscosinetor.-  A  cup 
A  figure  6,  with  a  capacity  of  about  125  c.c,  is 
surrounded  with  a  jacket  D,  in  which  may  be  placed 
either  water  or  oil  depending  upon  what  temperature 
i a  to  be  maintained.  C  is  a  thermometer  cup  to  the 
bottom  of  which  is  secured  a  amall  cap  containing  the 
orifice  F,  N  is  a  channel  connecting  the  chamber  con- 
taining A  with  C;  B  is  a  smAll  tube  which  adirits  air 
to  the  interior  of  the  cup  and  thus  m;aintain8  at- 
mospheric pressure  on  the  oil.  This  secures  a  con- 
stant level  of  the  oil  surface  in  the  space  C.  H  is 
a  valve  to  retain  the  oil  in  A  while  placing  it  into 
D.  The  mechaniam  G  is  a  device  for  opening  or  clos- 
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C01(!PARIS0N  OF  VISCOSU/ETERS 
ing  the  orifice.  It  is  held  in  place  by  a  spring 
catch  L.  The  oil  in  the  jacket  D  is  heated  by  means 
of  a  gas  burner  placed  beneath  the  projecting  prongs  P. 

The  cup  A  is  withdrawn  and  filled  in  an  inverted 
position  with  the  oil,  reinverted  and  placed  in  po- 
aition  in  the  instrument.  This  final  step  causes  the 
valve  H  to  raise  allowing  the  oil  to  flow  out  until 
the  chamber  N  and  C  are  filled  a  little  above  the 
lower  opening  of  the  tube  B,  A  beaker  whose  capa- 
city should  be  100  c.c.  is  placed  under  F;  L  is  re- 
leased and  G  is  dropped,  permitting  the  oil  to  flow 
through  F  into  the  beaker.  When  the  oil  in  the  space 
C  falls  below  the  bottom  the  tube  B,  the  air  is  per- 
mitted to  flow  into  the  cup.  The  oil  continues  to 
flow  out  until  the  height  has  reached  its  level  and 
the  operation  is  repeated.  This  action  continues 
throughout  the  entire  run  intenrlttenly  but  so  rapid- 
ly that  practically  constant  head  is  maintained  at 
F,  The  viscosity  of  an  oil  in  tenris  of  efflux  is  the 
time  it  require  100  c.c,  to  flow  through  the  orifice. 
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RESULTS  OF  TESTS. 
Viscosity  Values.-  Although  viscosity  is  de- 
finite property,  which  can  be  found  experiirentally 
and  expressed  in  absolute  measure,  it  has  been  the 
custoci  to  use  some  oil  as  a  standard,  and  to  compare 
the  fluidity  of  oils  with  it.  This  is  objectional 
as  the  standard  will  vary  in  itself.  Notwithstand- 
ing the  effort  which  have  been  trade  for  a  uniformity 
the  measureirient  and  expressions  of  viscosity  values 
are  different.  This  is  due  to  the  fact  that  there 
are  irany  viscosimeters  on  the  martcet  differing  froit 
each  other  in  general  dimensions  and  in  pattern.  Even 
though  the  results  inean  something  and  are  correct,  they 
mean  nothing  except  to  the  possessor,  Th4  adoption  of 
any  particular  instrvarent  is  not  to  be  expected. 

It  is  for  these  reasons  we  have  determined  data 
showing  the  comiparison  of  the  various  viscosimeters 
available.  The  results  from  the  various  viscosim- 
eters permit  the  construction  of  a  set  of  curves  where- 
by the  reading  of  one  instrument  can  be  converted  into 
those  of  another.  The  results  lare  shown  in  the  tables 
and  curves.  The  horizontal  distance  rofer  to  the 
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COI^TARISON  OF  VISGOSH^TER 
on  the  Saybolt  Univeraal  Vlscoeiireter,  The  vertical 
distance  which  is  laid  off  in  the  sarie  units  repre- 
sents the  viscosity  on  any  of  the  other  apprartus, 
A  CQiqitarleon  cannot  only  be  made  with  the  Saybolt 
but  with  any  other.  As  for  example;  at  100  degrees 
"the  viscosity  on  the  Tagliabue  which  is  59,  is  equal 
to  80  on  the  Saybolt,  or  to  58  on  the  Armour,  A 
viscosity  of  95  on  the  aniiour  at  212  degrees  is  equal 
to  69  on  the  Tagliabue,   Curves  were  constructed  for 
temperatures  of  100,  150,  212,  250,  and  300  degrees, 
where  the  construction  of  the  meter  would  penriit. 
It  was  unable  to  procur  results  on  the  Tagliabue  and 
Carpenter  over  212  degrees.  Twenty-four  sarr.ples  of 
oils  varyiny  in  viscosity  were  used  in  procurring 
thS  desired  results, 

A  set  of  tables  shown  on  pages  30  to  33  were 
constructed  and  a  value  of  n,  the  conversion  factor 
for  the  ratio  of  the  Saybolt  to  the  other  apparatus. 
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COlffARISON  OF  VISCOSn'STER. 
Interpretation  of  Curves,-  The  tables  showing 
the  value  of  n  were  taken  fron  the  curves.  The 
curves  were  drawn  through  the  average  position  of 
the  points.  The  curves  show  that  there  is  a  de- 
finit  slope,  or  n,  for  any  one  viwcosimeter.  By 
finding  the  average  value  of  n,  shown  in  the  tables, 
for  each  apparatus  at  each  tanperatura,  we  find  that 
the  above  statement  is  true.  The  value  of  n  for  the 
Saybolt  vs  the  Arraour  is  1,08,  i,e,,  by  multiplying 
the  viscosity  as  shown  by  the  Armour  Viscosirceter,  we 
arrive  at  the  viscosity  on  the  Saybolt,  The  value  of 
n  for  the  Saybolt  and  Tagliabue  is  1,06,  while  n  for 
the  Saybolt  and  Carpenter  is  2.25«  This  is  based  on 
the  assumption  that  the  ratio  is  a  straight  line 
passing  through  the  origin. 
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TABLE  1, 


/alue  of 

Conversion 

Factor 

'  n. 

at 

100« 

Saybolt 

Tagllabud 

n 

Armour 

n 

Carpenter  n 

30 

27 

l.U 

38 

0.79 

26 

1.15 

40 

37 

1.06 

42 

0.95 

28 

1.43 

50 

47 

1.07 

46 

1.09 

30 

1.66 

60 

56 

1,0'' 

49.5 

1.21 

32 

1.68 

70 

66 

1.06 

54 

1.30 

34 

2.06 

80 

75 

1.07 

58 

1.38 

36 

2.22 

90 

85 

1.06 

62 

1.45 

38 

2.40 

100 

95 

1.05 

65.5 

1.52 

40 

2.54 

110 

104 

1.06 

70 

1.57 

41.5 

2.65 

120 

114 

3.06 

73.5 

3.63 

43,5 

2.76 

130 

123 

3.05 

77.5 

1.67 

45 

2.89 

140 

132 

1.06 

82 

1.71 

47.5 

2.95 

150 

142 

1.06 

86 

1.75 

49 

3.06 

160 

151 

1.06 

90 

1.78 

51 

3.14 

170 

161 

1.06 

94 

1.81 

52 

3.20 

31 


TABLE  2. 


Vs 

lue  of  Conversi 

or.  Factor 

n 

at  150° 

. 

Saybolt 

Armour 

n 

Carpenter 

n 

30 

31 

00.97 

28.5 

1.05 

40 

37 

1.08 

29.0 

1.37 

50 

42.5 

1.18 

29,5 

1.70 

60 

48.5 

1.24 

30.0 

2.00 

70 

54.5 

1.28 

31.0 

2.26 

80 

60.5 

1.32 

31.25 

2.54 

90 

66.5 

1.35 

32, 

2.82 

100 

72.5 

1.38 

32,5 

3.07 

110 

78.5 

1.40 

33. 

3.24 

120 

84.5 

1,42 

33.5 

3.58 

130 

90.5 

1.44 

34. 

3.82 

140 

96.5 

1.45 

34.75 

4.05 

150 

102.5 

1.46 

35.25 

4.23 

160 

109. 

1.47 

36. 

4.45 

170 

115 

1.48 

36.5 

4.66 

3*. 


TABLE 

3. 

VRlue  0 

f  Conversion 

Factor  n 

at 

212° 

Saybolt 

Tagliabue 

n 

Antiour 

n 

30 

30 

1.00 

62 

0.484 

40 

37 

1.08 

69 

0.58 

50 

45 

l.]l 

75 

d,6C 

60 

53 

1,13 

82 

0.73 

70 

61 

1.15 

89 

0,786 

80 

69 

1.16 

95 

0.84 

90 

77 

1.17 

102. 

0.925 

100 

85 

i.ie 

108 

0,965 

no 

92 

1.20 

114 

0.965 

120 

100 

1.20 

120 

1.00 

130 

108 

1.20 

127 

1.03 

140 

116 

1,20 

133 

1.05 

150 

124 

1.21 

140 

1.07 

160 

132 

1.21 

146 

1.10 

170 

140 

1.22 

154 

1.11 

ivl.;,  ^. 
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Table  4. 
Value  of  Convereior.  Factor  n 


350° 

300" 

Saybolt 

Armour 

n 

Saybolt 

Anrour 

n 

30 

29 

1.035 

0 

0 

0 

40 

35 

1.140 

10 

9.25 

1.08 

50 

41 

1.122 

20 

18.5 

1.08 

60 

47 

1.290 

30 

23.05 

1.08 

70 

53 

1.320 

40 

37.0 

1.08 

80 

59 

1.360 

50 

46,25 

1.08 

90 

65 

1.380 

60 

55.50 

1.08 

100 

71 

1.410 

70 

64.50 

1.08 

no 

77 

1.430 

80 

74.00 

1.08 

120 

83 

l.ft40 

90 

83.50 

i.oe 

130 

89 

1.460 

100 

92.50 

1.08 

140 

95 

1.470 

120 

101.75 

1.08 

150 

101 

1.480 

120 

111.00 

1.08 

160 

107 

1.500 

130 

120,25 

1.08 

170 

113 

1.550 

140 

129.75 

1.08 
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Average  Re suite. 


Saybolt 

Tagliabue 

Amoar 

Carpenter, 

100'>         94,0 

_ 

. 

38.6 

141.0 

117.72 

« 

49,0 

140.5 

82.0 

- 

48.0 

135.6 

81.6 

~ 

46,0 

63.0 

50.9 

66,8 

33,0 

73.0 

. 

74.4 

33,0 

155.0 

84.9 

153.5 

46.0 

123.5 

74.8 

101.0 

77.4 

117,5 

150°          66.5 

. 

. 

30,4 

87,3 

67.6 

33,0 

84.3 

64,6 

34,0 

68,5 

. 

33.0 

45.2 

41,7 

27.0 

48,0 

40.5 

30,0 

73,0 

58,4 

33,0 

61.2 

58,6 

31,5 

77,4 

57,6 

31.2 

76,0 

58,5 

32,0 

101.5 

61,6 

34,5 

102,0 

64.0 

34.5 

79,7 

59.6 

32.7 

48,7 

60.0 

33,0 

74.0 

95,0 

71.6 

34.8 

98,2 

69.2 

36.5 

212**          42.0 

46.2 

73,72 

42.8 

29.6 

46.0 

40.4 

28.6 

45.0 

71,8 

37,0 

65,6 

33,6 

26.2 

38.7 

35.0 

45.5 

71,0 

40.1 

29.0 

44,4 

39.8 

47.4 

72.2 

42.0 

28.8 

46.7 

41.0 

57,7 

90.0 

51.2 

53,3 

52.4 

46.5 

71,6 

42.0 

42.0 

40.0 

45.5 

77,5 

45.5 

51.2 

44.0 

55.5 

79,4 

47.6 

64.5 

84.8 

51.6 

120.6 

120.0 

105.6 

112,4 

87.2 

DATA. 
Average  Re suits, 

250'*  300° 

Saybolt         Armour  Saybolt       Anrsour 


39.0 

41.5 

42.5 

36.8 

40.0 

35.0 

28.6 

35,1 

32.0 

40.2 

42.2 

36.0 

39.9 

40.6 

45.1 

39.2 

46.2 

41.4 

42.0 

45.5 

39,0 

44.1 

37.2 

83.0 

60.8 

45.3 

38.4 

75.0 

57.2 

51,1 

41.2 

36.1 

36,5 

33.0 

33.029.2  29.2 

33.1 

30.8 

35,8 

32.8 

34.9 

33.2 

35,0 

36.0 

40,0 

35.0 

38.8 

36.4 

36.4 

34.4 

41.1 

34,0 

40.0 

36,0 

38.6 

35.0 

35.] 

48.8 

39.0 

35.2 

54.5 

44.4 

41.2 

35.6 
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APPENDIX  A 
A  series  of  intercomparisons between  various 
viBcoaixr.etere  have  been  made  by  the  Coinrdtte  D-2  of 
>he  American  Society  of  Testing  I/ateriale.   The 
curves  are  reproduced  fr««r,  pages  47  on.  The  curves 
were  originally  plitied  against  the  Saybolt  A  and  Jt 
viscofliDieters.  They  are  here,  transferred  to  the 
saybolt  Universal.  The  instruir.ent  wsed  were  as  fol- 
lows:- saybolt  Universal,  Redwood,  Engler,  Taglia- 
bue,  Ostwald,  Scott  and  the  Pennsylvania  Railroad 
Pipette, 

Decscription  of  the  Viscosiri'eters. 

Redwood  Viscosirr.eter,-  This  inatrucient  con- 
sists of  a  cylinder  A  having  a  concave  bottom  which 
contains  the  jet  J.  A  small  brass  ball  valve  sets 
on  the  jet  when  it  is  closed.  The  vessel  A  is  con- 
tained in  the  center  of  the  vessel  C,  which  is  fur- 
nished with  a  top  D  and  a  copper  heating  tube  E.  The 
stirring  apparatus  is  made  up  of  four  light  metal 
vanes  which  can  be  rotated  around  the  tube  A.  The 
stirrer  carries  the  thennometer. 
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GOHPARISON  OF  VISCOSHCETERS 
The  outer  vessel  is  fill  with  water  or  oil  and 
heated  by  means  of  a  gas  burner  placed  under  the  pro- 
jection E.  The  oil  to  be  tested  is  place  in  A.  The 
lid  is  placed  on,  leaving  the  thermoitieter  imnersed  in 
the  liguid.  The  valv  V  is  raised,  the  oil  flowing 
out  into  the  flask  below.   The  numbers  of  second  re- 
quired to  fill  a  50  c.c.  flask  is  recorded  as  the  vis- 
cosity of  the  oil  on  the  Redwood  Viscosimeter,  The 
apparatus  is  shown  in  figure  7»  page  43, 

Engler  Viscosimeter.-  The  Engler  meter  consists 
of  an  inner  vessel  A,  figure  8,  covered  with  a  lid 
which  carries  a  themometer.  A  jet  is  located  at  the 
base.  The  plug  valv  B  which  closes  the  jet  passes 
through  the  lid.  The  outer  tank  B  is  filled  with  water 
or  oil  and  heated  with  a  gas  burner. 

The  oil  under  examination  is  placed  in  the  ves- 
sel A  until  it  reaches  the  three  equal  spaced  studs 
C.  The  viscosity  of  the  oil  is  the  nuir.ber  of  seconds 
it  tskes  200  c.c,  to  flow  out  of  the  jet. 
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COl'PARISON  OF  VISGOSnJETERS 
Oatwald  Viscoslmeter.-  This  is  a  arrsll  glass 
pipette  with  a  long  capillary  tube  forrrdng  one  side 
OS  a  U-tube,  The  other  side  of  which  servos  as  the 
collection  vessel  for  the  sample  after  it  has  ran  out. 

Scott  Viecosimeter,-  The  Scott  instrunient  con- 
sists of  a  container  for  the  bath  and  the  tube  whose 
capacity  is  about  200  c.c.  of  liquid.  The  bath  is 
heated  by  a  burner.  The  tube  is  filled  with  the  oil 
dnder  consideration,  When  the  oil  has  reached  the 
desire  temperature,  the  valve  is  opened.  The  vis- 
cosity is  expressed  in  seconds  of  time  it  requires 
to  fill  a  50  c.c.  flask.  See  figure  9. 

The  Pennsylvsmia  Railroad,  or  Dudle  Pipette  is 
a  100  c.c.  pipette  irounted  in  a  box  which  has  been 
provided  with  a  glass  cover.  The  air  in  the  box  can 
be  heated.  The  viscosity  is  the  numbers  of  seconds 
it  takes  100  c.c.  of  oil  to  flow  out  of  the  pipeuta. 
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